Background: Randomized clinical trials have demonstrated the benefits of chemotherapy in carefully selected non-small cell lung cancer (NSCLC) patients. How generalizable these results are to other NSCLC patients is unresolved. Methods: The outcomes of patients treated with standard chemotherapy regimens (paclitaxel/carboplatin; gemcitabine/carboplatin; pemetrexed/carboplatin; paclitaxel/carboplatin/bevacizumab) off study as first line therapy between 2002 and 2012 at our institution were compared to the reported results of trials supporting the FDA approval of these drugs and/or regimens. Results: In our population, 38.1% of the patients had hypertension, 11.9% of the patients were diabetic, 23.7% had chronic obstructive pulmonary disease (COPD), 11.9% had coronary artery disease (CAD) and 2.1% had renal or liver disease. Notably, the presence of a single or multiple comorbidities was associated with low overall survival compared to matched patients with no comorbidities (p = 0.007). Conclusion: The presence of single or multiple comorbidities is associated with inferior overall survival compared to matched groups without such pre-existing conditions.
Lung cancer is divided into two main categories non-small cell lung cancer (NSCLC), which accounts for approximately 85% of cases and small cell lung cancer [3] [4] .
Historically, the median survival of untreated patients with stage IV NSCLC was only 4 -5 months [5] . The introduction of effective chemotherapy resulted in marked improvements in the survival of metastatic NSCLC patients. The benefit of chemotherapy in metastatic NSCLC was demonstrated in a meta-analysis conducted by the Non-Small Cell Lung Cancer Collaborative Group that included 16 randomized controlled trials in which 2714 patients were randomized to chemotherapy vs. best supportive care. Results showed a significant benefit of chemotherapy (HR, 0.77; 95% CI, 0.71 to 0.83; P = 0.0001), equivalent to a relative increase in survival of 23% or an absolute improvement in survival of 9% at 12 months, increasing survival from 20% to 29% at one year [6] .
Since then, many randomized trials were conducted to identify best regimens in metastatic NSCLC. The Eastern Cooperative Oncology Group (ECOG) conducted a randomized trial comparing the efficacy of four commonly used regimens. Patients with advanced NSCLC were randomly assigned to receive: cisplatin 75 mg/m 2 NSCLC. There were no statistically significant differences in overall survival between these regimens with median survivals of 8, 7.4 and 6.9 months, respectively. There also was no difference in progression free survival between treatment arms with median progression free survivals of 4.2, 5.1 and 3.5 months, respectively [8] . ceiving cisplatin-based chemotherapy had a higher incidence of nausea and vomiting, thrombocytopenia was more frequent with carboplatin-based chemotherapy. No statistically significant difference in treatment-related mortality between cisplatin and carboplatin was reported [10] .
Pemetrexed is a chemotherapeutic agent chemically similar to folic acid and a member of the class of chemotherapy drugs called folate antimetabolites. It works by inhibiting three enzymes used in purine and pyrimidine synthesis, thymidylate synthase, dihydrofolate reductase, and glycinamide ribonucleotide formyl transferase. By inhibiting the formation of precursor purine and pyrimidine nucleotides, pemetrexed prevents the formation of DNA and RNA, which are required for the growth and survival of both normal and cancer cells [11] . Its benefit was addressed in a trial conducted by Scagliotti and colleagues in which patients were randomized to receive either cisplatin 75 mg/m 2 on day 1
and gemcitabine 1250 mg/m 2 on days 1 and 8 or cisplatin 75 mg/m 2 and pemetrexed 500 mg/m 2 on day 1, every 3 weeks for up to six cycles. Overall survival was statistically superior for cisplatin/pemetrexed versus cisplatin/gemcitabine in patients with adenocarcinoma (12.6 vs. 10.9 months, respectively) and large-cell carcinoma histology (10.4 vs. 6.7 months, respectively). In contrast, patients with squamous cell histology, showed a significant improvement in survival with cisplatin/gemcitabine versus cisplatin/pemetrexed; (10.8 vs. 9.4 months, respectively). For cisplatin/pemetrexed, rates of grade 3 or 4 neutropenia, anemia, and thrombocytopenia (P < 0.001); febrile neutropenia (P = 0.002); and alopecia (P < 0.001) were significantly lower, whereas grade 3 or 4 nausea (P = 0.004) was more common [12] . Vascular endothelial growth factor (VEGF) is a potent endothelial-specific angiogenic factor that is expressed in a wide array of tumors. In NSCLC, high levels of VEGF expression was associated with a poor prognosis, suggesting that treatment targeting this pathway might be useful [13] .
One approach to blocking the VEGF pathway is the administration of bevacizumab, a recombinant humanized monoclonal antibody that binds VEGF-A, thereby preventing its interaction with the VEGF receptor.
In an ECOG trial (E4599), previously untreated patients with advanced, non-squamous NSCLC were randomly assigned to paclitaxel plus carboplatin with or without bevacizumab (15 mg/kg) on day one of each cycle. Bevacizumab was continued as monotherapy on the same schedule after completion of six Rates of clinically significant bleeding were 4.4% for chemotherapy-plus-bevacizumab group vs. 0.7% for chemotherapy alone group (P < 0.001). The rates of ≥grade 3 hypertension, bleeding, and proteinuria were modestly higher in the bevacizumab arms than in the control arm. There were 15 treatment-related deaths in the chemotherapy-plus-bevacizumab group, including 5 from pulmonary hemorrhage, versus 2 in the control arm [14] .
In a meta-analysis based upon four trials conducted by Soria The effect on overall survival was significantly greater in patients with adenocarcinoma compared with other histologies, however, bevacizumab significantly increased the risk of grade ≥ 3 proteinuria, hypertension, hemorrhagic events, neutropenia, and febrile neutropenia [15] .
In recent years there has been a major paradigm shift in the management of NSCLC with introduction of targeted therapy and immunotherapy for metastatic NSCLC, but most of these drugs require the presence of specific driver mutations. While up to 60% of patients with NSCLC have driver mutation, in the majority of cases there still are no effective drugs to target these and conventional chemotherapy remains an appropriate treatment option [16] . 
Methods

Results
In our data, 21.1% of the patients were over 70 years old and 78.8% were less than 70 years old. Males comprised 60.8% of the patients and 39.2% were females and the majority of patients (84.5%) were smokers. Almost half (49.7%) the patients had adenocarcinomas, followed by non-small cell lung cancer not otherwise specified (31%), followed by squamous cell carcinoma (19%) ( Table   1 ).
Most patients (66.5%) had an ECOG 1 performance status, while 19.5% and 13.5% of patients respectively had performance statuses of ECOG 2 and ECOG 0. Less than 1% patients had an ECOG PS of 3 ( Figure 1 ). Regarding comorbidities, 38.1% of the patients had hypertension, 11.9% were diabetic, 23.7% had chronic obstructive pulmonary disease (COPD), 11.9% had coronary artery disease (CAD) and 2.1% had renal or liver disease ( Table 2) .
In patients treated with paclitaxel and carboplatin the median progression free survival was 4.9 months for patients responding to the regimen and overall survival was 13.1 months for responders vs. 9.2 months for non-responders.
Patients treated with Gemcitabine and carboplatin had a median progression free survival of 4.8 months for those responding to the regimen and overall survival was 13 months for responders vs. 8.9 months for non-responders.
Patients treated by pemetrexed and carboplatin had median progression free survival was 7.1 months for patients responding to this regimen and overall survival was 15.5 months for responders vs. 5.9 months for non-responder group of patients.
For patients treated by paclitaxel and carboplatin plus bevacizumab, the median progression free survival was 7.3 months for patients responding to the Figure 1 . ECOG performance status.
regimen with an overall survival of 16.7 months versus 14.6 months for the non-responder group of patients.
The presence of single or multiple comorbidities was strongly associated with low overall survival compared to matched patients with no comorbidities (p = 0.007) ( Table 3 and Figure 2 ).
Discussion
In recent years there has been a major paradigm shift in the management of NSCLC with the introduction of targeted therapies for metastatic NSCLC. However most of these therapies require the presence of specific driving mutations and are not appropriate for most patients. For the majority of NSCLC without a driver mutation for which a drug is available, conventional chemotherapy remain a valid option [16] . Moreover, while randomized clinical trials have demonstrated the benefits of chemotherapy in carefully selected NSCLC patients, given the stringent entry criteria for these studies, they generally exclude patients with significant comorbidities or substantial functional impairment. In our study four commonly used standard of care regimens were selected for review: carboplatin/paclitaxel (CT); carboplatin/gemcitabine (CG); carboplatin/pemetrexed (CP); carboplatin/paclitaxel/bevacizumab (CTB). Regarding comorbidities, 38.1% of the patients had hypertension, 11.9% of the patients were diabetic, 23.7% had chronic obstructive pulmonary Diseases (COPD), 11.9% had coronary artery diseases (CAD) and 2.1% had renal or liver diseases.
The effects of these comorbidities on outcome are well known. In one study conducted by Tammemagi and colleagues, COPD, liver or renal diseases were associated with inferior survival compare to a matched group [20] . In another study data reported by Kiri et al, who reviewed the UK GP Research Database, the three-year survival for lung cancer patients with a history of COPD was almost half that of the general population of lung cancer patients (15% versus 26%; p < 0.01) [21] .
In the present study, the presence of single or multiple comorbidities among 
Conclusion
The presences of single or multiple comorbidities are associated with inferior overall survival compare to matched groups without such conditions. Clinical practitioners should consider this in interpreting the results of clinical trials when making treatment recommendations for their patients. Similarly, consideration should be given in the design of clinical trials to accruing patients who more closely reflect the general of the NSCLC patient population.
